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The uptake of plutonium, americium, and uranium from~;
,-:::::d soils by alfalfa, beans, radishes, lettuce, tomaand barley is reported.
:~(v)
The "apparent" volubility of 238 '-m Pu02 in tap water was _ measured~and the deposition of plu nium in fish, algae, =~~.and snails in aquaria containing 2~~pu02 microsphere is -, . I ?Y+ported. The fusion methods were too tedious for routine use, so they were used only to check acid-treated residues for plutonium.
The plutonium in standard soil samples heated to 300"C was quantitatively extracted from the soil by hot 8~HN03, but only 41% was extracted when this acid was used to remove the plutonium from a standard soil that had been heated to 900"C.
Hot 8 g HN03 extraction was rejected because it was expected that the plutonium in the Spanish soils would be more difficult to extract than that in the 300°C-heated standard soil.
Earlier work2 had demonstrated that plutonium could be removed from soils by refluxing them with 12~HN03-0.1~HF solution; this method was effective in extracting plutonium from a 2-g sample of standard soil that had been heated to 900"C (Table I) .
In these experiments, plutonium was extracted by refluxing a 2-g sample of standard soil with 80 ml of 12~HN03-0.1~HF
for 2 h. Therefore, a modification of the procedure was sought whereby less expensive glassware could be used and more samples could be analyzed in the available hood space.
A similar method was tried in whicn a 2-g soil sample was placed in a 40-ml centrifuge tube; 25 ml of 12~HN03-0.1~HF
were added, and the mixture was heated at 90"C for 15 to 30 min. The tubes containing the soil and acid were then centrifuged, DL.Z--LLL L .
-Z---Q--K and the supernatant was decanted. The extraction was repeated twice, and an aliquot of the combined supernatants was counted for gross alpha content. This procedure gave 50 to 60% plutonium recovery from the 900"C-heated spiked soil. The recovery was not so good as that obtained in the 2 h reflux because of HF evaporation during the extraction and attendant reduction in matrix and plutonium dissolution. Therefore, HF was increased to 1.0 M and the centri--fuge tube was covered with a small watch glass so the acid solution would reflux;
also the soil sample size was reduced to about 1 g.
Refluxing 25 ml of the acid solution with 0.5 to 1.0 g of soil for 15 min gave mean plutonium recoveries of greater than 96% (Table II) . Talvitie4 used a NH03-HF acid treatment followed by an HC1 treatment of the residue to dissolve the plutonium in a l-g soil sample; he reported an average plutonium recovery of
94% from 125 one-g soil samples (Table IV) .
Ninety-two to ninety-nine % of the plutonium added as a spike to l-g samples of three different types of soils was recovered using the HN03-HF acid treatment followed by anion exchange separation of the plutonium (Table IV) 2 -8 x 10-7 1.1 x 10.7 1.2 x 10-7 1.3 x 10-9 5.4 x 10 1.5 x 10:: 3.9 x 10-8 1.1
x 10-8 5.6 X 10-9 2.5 x 10-9 2.3 X 10-8 4.8 X 10-8 8.7 X 10-8 3.1 x 10-8 1.4
x 10-8 2.4 X 10-8 3.9 x 10-8 4.5 x 10-8 7.8 X 10-8 2.6 X 10-8 7.8 X 10-7 1.4 x 10-7 1.3 x 10-7 2.2 x 10-7 5.1 (Table   VII) . (Table V) 'No other designation could be determined for the two batches of microsphere used. The first batch, noted only as Batch No. 1 was first used at the Los Alamos Scientific Laboratory in July 196S. Batch No. 2 was first used about February 1968. Both batches were prepared at the Mound Laboratory, Miamisburg, OH. 17 The tomato fruit did not contain significantly less plutonium than the leaves (Table IX) ; however, the seeds of the fruit were not analyzed separately from the pulp to determine whether a similar process takes place in tomatoes.
The 241Am concentration factors in alfalfa (Table VIII) The gross alpha activity and plutonium concentrations given in Table IX In all instances, the whole fish or its parts were dried at 110°for about 12 h, then ashed at 600"C. The ash was then leached 'Vith 8~'N03' and the plutonium was determined by the anion exchange separation method prescribed in Sec. 11.C.2.
The water in the aquaria was assayed for plutonium periodically by removing a 1000-ml aliquot that was then acidified with HN03 and evaporated to dryness; the residue was treated with 8~HN03 and the resulting acid solution was taken to dryness. The plutonium was converted to the tetravalent nitrate complex by adding concentrated HN03 and H202, after which the sample was taken to dryness on a steam bath. The residue was taken up with 8' N03' and the plutonium was separated from the salts in solution by anion exchange techniques described in Sec. 11.C.Z.
The water taken from the aquaria periodically for plutonium analysis was replaced with an equal volume of chlorinefree tap water. Evaporative losses occurring during the studies were compensated for by adding distilled water. At the conclusion of the experiment (6 months' duration) , the entire liquid contents of each aquarium was removed and analyzed for plutonium in the same manner as the 1000-ml samples described above. The "volubility" or amount of plutonium lost from the microsphere and found in the aquarium water is presented as a percentage of the microsphere activity in Table XI .
When the aquaria were emptied so that the water could be analyzed, snails that had been placed in the aquaria to control algal growth were removed and analyzed for plutonium (Table XII) .
A second study used microsphere from Batch No. 1, the batch used in soils for plant uptake studies. As before, a single Table XIII , and the data water analyses data are presented in Table XIV .
B. Discussion
The data in Tables X and XIII (Table XIII) had only 60.8 dis/min/g of ashed gut or 0.85 dis/min/g of wet gut which, when compared with water at 10 days (Table XIV) 0.068 dis/min/ml of water at 10 days =12.
Comparison of the plutonium concentration in the 48-day fish sample (Table XIII) , based on dis/min/g of wet flesh using an ash content of 1.75%, with the plutonium in water at 42 days (Table XIV) A single determination of plutonium in an algal sample in an earlier, preliminary aquarium experiment indicated a concentration factor of about 2000. This factor was calculated using the plutonium concentration in algae expressed as dis/min/g of dry algae and the plutonium concentration in the water sample in dis/min/ml after 24 h (Table XIV) It is perhaps noteworthy that the microsphere probably are not all alike and may behave differently in water. Therefore, it might be presumptuous to predict actual contamination levels in water and associated animal life on the basis of experimentation with a half-dozen microsphere. Note the vast difference in plutonium concentrations in fish parts (Tables X and XIII) 
Volubility of 238 Pu02Microspheres in Tap Water
The variation in plutonium analyses of aquarium water ( removed and the water was filtered through a 0.22-pm-pore-size Millipore filter that removed about 25% of the alpha activity.
The apparent "volubility'! of 238Pu02 calculated from the plutonium found in the filtrate was 1.34 x 10-3%, whereas that calculated from the alpha activity in the unfiltered water was 1.8 x 10-3%. (Table XVI) , some salts did form on the beaker during evaporation. Possibly, some of the plutonium in the volubility studies does sorb on those salts or on the beaker walls.
The volubility (Table XVI) 
